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In all hydraulic structures that hold back water, whether for 
the purpose of power, irrigation or flood control, all must have some 
means of dissipating the energy that is produced by the movement of 
the water from the pond or reservoir to the tailrace. The method 
of dissipation depends largely on downstream conditions, terrain 
and economics. The dissipator is to prevent scour and the under­
mining of the dam itself. The construction of any type dissipator 
should be the best one available for the least cost of construction.
However, space limitations may dictate another type of dissipator. It 
has been recommended that model studies be conducted on all proposed
dissipators to determine actual flow conditions.
This paper is a study of conditions concerning a free water 
jet,which impacts on the water contained in a cylindrical basin, 
and to investigate the effect of the jet on the basin. This type 
of dissipator would be especially useful when the space for construc­
tion is limited, or if the soil is especially susceptible to erosion, 
and where there is a variable tailwater. The Bureau of Reclamation 
has developed dissipators of this type that operate more efficiently 
than the hydraulic jump type.(Figure 1) ^
The purpose of this paper is to determine the amount of energy
1. Elevatorski, E* A., Hydraulic energy dissipators, McGraw-Hill 
Book Company, New York, 1959. p. 145.
that this basin can dissipate, to locate any adverse pressures on 
the basin itself, and to study the best location of the jet nozzle 
in relation with the surface of the water in the basin.
Satisfactory dissipation of energy was obtained at maximum 
discharge with the nozzle submerged, but large pressures were exerted 
on the bottom of the basin. Wells or swells at the top of the basin 
were moderate. With the nozzle above the surface of the water, air 
was entrained in the water in the basin. The presence of air decreased 
the pressures on the sides and bottom of the basin, but added to the 
turbulence on the top. Further model studies should be made to 
determine how air can be injected into the conduit before water enters 
the nozzle.
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In many sections of the country where dams are built and dams 
are needed there is no tailwater available. Many of these same loca­
tions have limited construction space. Outlets for pressure release 
valves can not be directed into a hydraulic jump type dissipator 
because of the location of the turbines. There is a need for dis­
sipators that will operate under the above conditions. This subject 
was selected to study the problems involved and to see if an impact 
basin can meet this need.
The author wishes to express his sincere appreciation to 
Professor Clifford D. Muir for suggesting the subject and especially 
to Professor Vernon A. C. Gevecker for his continual ’, supervision and 
many helpful suggestions throughout the preparation of this paper.
CHAPTER III
REVIEW OF LITERATURE
A. Hydraulic Energy Dissipators
The object of spillway design is the safe conveyance of 
reservoir water to the tailrace for the least cost. The con­
siderations in accomplishing this are the capacity of the system, 
the control apparatus, structural stability, and adequate energy 
dissipation. There are five elements that make up this system; 
(1) the entrance channel, (2) the control structure, (3) the dis­
charge carrier, (4) the energy dissipator and (5) the outlet 
channel. The assumed discharge carrier is a 36 inch pipe with a 
needle, hollow needle or some other type of valve for control.
The valve may be located anywhere in the discharge pipe. It is 
necessary to reduce the high velocity of the water from the dis­
charge carrier to a nonerosive magnitude, and return it to the 
riverbed via the outlet channel.
Jet flow gates are normally used with circular conduits and 
operated in the fully open position. Heads of 200 feet and conduits 
8 feet in diameter are in use. Releases from Canyon Ferry Dam are 
made through the spillway by four 77 inch jet flow gates. These are 
used to regulate flow below the dam. These controlled releases sup­
plement the flow through the power plant. They operate under a 150 
foot head and discharge 9,500 c.f.s. Most existing jets are hori­
zontally discharged into a long narrow stilling basin or directly 
into a riverbed where erosion is not critical.
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B, Similitude in Model Studies
Until recently construction of hydraulic structures was based 
almost entirely on experiment. It was not until the middle of the 
eighteenth century that enough experimental data had been collected 
to allow the prediction of events. The first modern hydraulic labor­
atory in the United States was at Lowell, Massachusetts in 1841, 
where James B. Francis made history in hydraulics . with his weir 
formulas and turbine tests. Recently, the empirical approach to the 
solution of hydraulic problems has been replaced by adherence 
to fundamental concepts. The method of dimensional analysis by 
Edgar Buckingham in 1915 has proved to be a valuable tool.
The Laws of Similitude are used to make an analysis of various 
motion occurrences of both fluid and solid media by comparison 
with the motion occurrences in other fluid or solid media. Not 
all dynamics problems met with in practice may be solved by the 
means of the mechanics of similitude. Perfect similarity of 
motion occurrences from the mathematical viewpoint is very seldom 
obtainable, but practical limitations are frequently compatible with 
the desired accuracy of results.
Several distinct viewpoints relative to the question of 
similarity arise, (1) geometric similarity, (2) kinematic similarity 
and (3) dynamic or mechanical similarity.
































Geometric similarity is achieved if the scale ratios of all 
homologous dimensions are equal.
Kinematic similarity is similarity of motion. Two motion 
occurrences are kinematically similar if the patterns or the paths 
of motion are geometrically similar.
Dynamic similarity is similarity of masses and forces, and 
are dynamically similar if they are kinematically similar. Dynamic 
similarity is an ideal that is seldom achieved in model testing.
In fluid motion phenomena, forces and physical properties 
that influence motion occurrences are (1) earth gravitational 
forces, (2) friction between particles, (3) surface tension, (4) 
elastic forces and (5) compressive forces.
In geometrically similar situations, there is a large 
(prototype) and a small (model) hydraulic structure. For geometric 
similarity the ratio of all linear dimensions must be the same and 
all corresponding angles are equal.
m
For kinematic similarity the ratio of the time periods for any 
two homologous particles must be the same.
Tm = T
For dynamic similarity the ratio of the masses of homologous 
particles must, where in corresponding positions, be constant
1 3
for all particles throughout the system.
M m
M =  M
w  _=  F.
As an example, for any area in the prototype the corresponding 
area in the model is related by the equation:
^  = A = 42 =  L
or volume by the equation
V.
V
"  =  IT w  —
3
L,.
For kinematic similitude using Froude's Law, discharge ratios 
are related by the equation:
Since gravitational forces are the same in the model and prototype 
the above equation reduces to:
Q , =  L ,
The dynamic similitude equation for power is
/V. x ./i-
Since water is being used for both prototype and model
if' = 1, The above equation for power then reduces to
7/2
P = L r r
Given: L = 1
72
Discharge in the prototype (Q^) is calculated by the following 
equation.
Given the discharge from the model = .016 c.f.s.
5/2
Q = L r r m
Q = ^m .016 703 C.F.S.
5/2 (.0139^ .5
Also: Given V =11.7 FT/SEC. from Q = A. V m m jet m
V = \ 11.7
(.0139) .5
= 99.8 FT/SEC
Discharge can also be determined by using the dimensions of 
the prototype.
Conduit = 36" A = 7.06 Sq. Ft.
Q = (7.06) (99.8) = 704 C.F.S.
Pressures and velocities can be calculated by using Bernoulli’s 
Theorem.
H = V, V.
2g 2g
The velocity of the jet decreases to zero in the basin. H measured 
as the water leaves the jet equals
H = = 2.15 Ft.
“ 2g 64.4 ,
The transfer equation for pressure is
P = L r r P = 72 Pp m
and can be converted to pounds per square inch by the ratio 
34 ft. of water = x ft. of water
14.7psi y psi
or
408 in. of water 
14.7 psi




A. Description of Apparatus
The apparatus was a model stilling basin (Figures 2-3) made 
of Acrylic plastic similar to Lucite or Plexiglass, The basin con­
sisted of a cylinder 18 inches high made of 8 inch OD tubing 3/8 
inch thick, 7% inch internal diameter. Manometers were affixed 
to the basin in a straight line down the side at one inch 
intervals and at eight points on the circumference 6 inches from 
the top (Figure 4). On the bottom of the cylinder manometers were 
affixed at one inch intervals and on a circumference one half way 
from the center to the edge of the basin at eight points (Figure 5).
The model conduit consisted of 25 inches of \ inch ID copper 
tubing connected to a recirculating water system powered by a 250 
gpm, 2 inch centrifugal pump. The flow rate was regulated by a 3/4 
inch valve located in the system (Figure 6) .
A rectangular channel made of 1/8 inch Acrylic plastic was 
constructed near the top of the basin to convey the discharge to a 
point where it could be measured. The discharge was caught in a 
rectangular tank and measured by weight.
. i
The manometers were in front of graph paper calibrated to 
0,1 inches. All gages were set to read from a reference plane which 
was at the bottom of the basin. Capillary action in the gages was 
of the magnitude of 0,001 inches due to the use of ^ inch OD tubing 
for the gages (Figure 8).
B , Computation Procedures
The purpose of the investigation was to determine pressures on 
the basin itself for various discharges ranging to the maximum limi­
tations of the model. This was accomplished by attaching manometers 
at various positions in the basin wall and bottom (Figure 4 & 5). 
Manometers numbered 51 through 57 and 61 through 67 were used to 
check symmetry of pressures (Figure 4 & 5), The basin was set on 
a three legged platform that could be leveled and adjusted to 
different heights. Holders for the manometer tubes were constructed 
so that the zero point of the scale behind the tubes was 18 inches 
from the bottom of the basin. The basin was filled with water which 
was allowed to settle. The tubes were leveled at the same point on 
the graph by the adjustment of the tube rack. Water run into the 
basin not only produced a velocity head, but also increased the 
static head. The presence of swells and turbulence meant that the 
depth of the water was at different levels when it spilled over the 
edge. However, the main concern was to observe the total head of parti­
cular points. The velocity head was derived by observing the average 
depth of the water spilling over the sides. At any one time this was 
only a fair approximation, and thus the velocity head is the difference
18
GENERAL VIEW OF APPARATUS
View shows the air bubbles and turbulence 








GAGE POINTS ON THE SIDE OF STILLING BASIN
View shows the location of the gage points on 
the side of the stilling basin. They are one 
inch apart. The first two points are out of 
sight behind the discharge channel.
FIGURE 4
GAGE POINTS ON THE BOTTOM OF THE STILLING BASIN
Gages number 1 through 5 are on the radius of the 
bottom and are 1 inch apart except for gage number 
1 which is at the junction of the bottom and the 
side wall. Gages 61 through 67 are oncaicircumference 





View shows the nozzle of the jet not submerged and the 
turbulence at the top of the basin. The positioning 
device has been removed.
FIGURE 6
DETAILS OF CHANNEL AROUND TOP OF BASIN
View shows the model in operation with the nozzle of 
the jet submerged. The guide vane at the channel 
outlet aided in controlling the channel discharge.
FIGURE 7
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GAGE RACK AND GAGES
View shows the readings on the gages when the model was 
operating with the nozzle of the jet submerged.
FIGURE 8
25
between the total head and the static head.
The discharge from the basin was collected via a channel and 
directed into a tank that was resting on scales. The amount of water 
collected during a one minute period was determined and converted 
from pounds per second to cubic feet per second. Data from one of 
the runs are used below as anexample.
8.35 # of water = 0.134 cu. ft.
8.35 # 0.134 cu. ft.
2 .05#/sec. X
X = 0.0328 c.f.s.
Knowing the discharge and the diameter of the jet nozzle, 
it was possible to calculate the velocity of the water leaving the 
nozzle using the equatibni ” <^m^m * this velocity as
in Bernoulli’s Equation, the head may be calculated. (Table 2& 3)
There was no difficulty establishing a steady discharge as the source 
of water was from a recirculating main line supplied by a 2 inch 
centrifugal pump providing 50 psi, and was controlled directly by 
opening a 3/4 inch valve in the jet line.
During every run each manometer was observed. It was found 
that for low discharges the gages remained fairly steady, while at 
larger discharges and maximum discharge, the tendency was to fluctuate 
between 2 and 3 tenths of an inch from a medsanppdifit. The gages 
were observed for a period of time to determine the median point.
This was also done for all the check runs. An average was taken of
26
the two runs to determine the median point. These heads in inches 




y psi (Table VI)
The pressures on the prototype were predicted by using the similitude 
relationship,? - dynamic property undistorted with no friction)
(Table VII) .
The amount of energy dissipated by the model and by the proto­
type was calculated by using the following equations and similitude 
relationships. Dissipators of this type usually are used in situat­
ions involving heads up to 200 feet. The following calculations 
were made using a head of 2.68 feet in the model or 191 feet in the 
prototype.
7/2From the similitude relationship HP = Lr r r
HP^ = (.0139)^"^^ = 3.18 X 10”^
Horsepower in the model and prototype is computed by the equation
HP = QH jT 
550
From Table III Q = .0178 c.f.s. and H = 2.68 feet of water
HPm
_ (0.178) (2.68) (.6^ .4j
550 .054
Therefore the horsepower dissipated by the prototype using the transfer
equation is





Or by using the equation above and the data from Table V




For all runs, the pressures on the basin were less than the 
pressures observed at maximum discharge. The side and bottom pressures 





Values of predicted pressures for the jet not submerged were 
plotted in Figure 10. The nozzle in the prototype is 18 feet above 
the surface of the water. It will be noted that the region of 
maximum pressure on the side wall has reversed itself from near the 
top to near the bottom. The pressures in the latter case (jet not 
submerged) were less than those with the nozzle of the jet sub­
merged. The presence of entrained air in the basin added to the 
turbulence within the basin, causing smaller and more efficient eddies. 
With the nozzle submerged an increase in discharge produces in­
creased side and bottom pressures (Figure 11). With the nozzle 
above the water, side pressures remain fairly constant, regardless
of the amount of discharge. Bottom pressures decrease as the dis* 
charge is increased. As more eddies are formed by the increased 
velocity of the jet, more air is entrained at the surface and 
dissipation of energy becomes more efficient. Maximum discharge 
was not reached in the model with the nozzle not submerged. This 
was due to the limitations in the model. Due to added violence 
of the water spilling over the top of the basin it splashed out 
of the channel and could not be measured. Another limitation 
was that the gages were not long enough. Water level was obser­
ved in the flexible lines leading to the gages. It is felt 
that an increased discharge did not produce any adverse pressure 
not already noted.
The horsepower dissipated by the model is computed by the 
equation
HP = QH 
550
Considering average heights for a dam of this type construction, 
heads of 150 feet and 191 feet were used to yield the following 
results:
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Potential Horsepower in the Prototype 
Jet Submerged, H = 150 ft. Jet Not Submerged, H = 191 ft.
11,700 16,900
PROTO'tyPE
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1 0328 Z4.I 582 9,05 3.89
2 .03 25 2 3.9 571 8.90 3.8 5
3 .02 35 1 7.3 299 4.65 2.10
4 0237 ! 7.4 301 4.68 2.20
5 .01 58 1 1.6 1 34 208« .900
6 01 58 1 1.6 1 34 2.08 .900
7 0088 6.50 4 2.2 .655 .280
8 00 87 640 4 1.0 ,638 .275
a b l e  h
3 3
MODEL









1 .0216 15.9 2 53 3.93 1.70
2 .0 214 1 5.7 246 3.82 1.65
3 .0 175 12.9 1 65 2.59 1 .1 2
4 0 178 13.1 1 75 2 . 6 8 1 .1 6
5 0 107 7,90 6 24 .9 70 .420
6 .0 107 7.90 6 24 .970 ,420
7 0272 20.0 4 00 6.21 2.69
8 0269 19.8 392 6.(0 2.64








V, H E A D
■Tf o f  HjC>
P R E S S U R E
PS,/.
1 1440 204 415 X /O^ 64 5 279
2 1430 202 408 X /o^ 635 274
■
1030 146 2 13 X /o^ 330 1 42
4
i
1040 147 2 16 X /o' 336 1 45
5 694 984 96 5 x/o' 1 50 64.8
6 694 984 965 X 10^ 1 50 64.8
7 385 55 303 X 4 7.0 20.3
8 381 54 291 x/o' 4 5.4 1 9.6
Ta b l e  T2
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PROTOTYPE








1 9 ^ 8 !3 S / e z  y/o‘ 2S3 /22
2 940 /3 J 177 x / j ' Z 7 5 H 9
3 768 709 U 6  x/o" 183 79.Z
4 7 6 0 /// / £ J  x/o^ m az.s'
5 470 67.0 1 0 30.1
6 4 70 67.0 •43” X 10^ JO 30.2
7 H 9 0 169 Z& S  X id 4 4 0 n o
8 n & o ! 68 Z 6 Z  X 4 3 3 1 8 ?




1. It is evident, from Figure 11, that a free water jet 
impacting on the water in a cylindrical stilling basin produces 
constant pressures on the side regardless of discharge,
2. It is evident also from Figure 11, that a free water jet 
impacting on the water in a cylindrical stilling basin produces 
pressures on the bottom that decrease as the discharge increases.
It is finally evident, from Figure 11, that with the 
nozzle submerged, bottom and side pressures increase in a direct 
proportion with the discharge.
B . General
Impact stilling basins are more efficient (Figure 1), than 
hydraulic jump stilling basins. There is a great amount of energy 
dissipation at higher Froude numbers for both hydraulic jump type 
and impact type basins. However, energy dissipation in impact 
basins is higher for all ranges of Froude numbers.
Indications are, from Figure 10, that the cylindrical basin 
under study could be decreased in depth, possibly to the point where 
the curve representing side wall pressures begins to deviate from a 
constant pressure.
The presence of entrained air in the basin adds to the degree 
of energy dissipation because work is done in compressing and 
expanding the air bubbles in the turbulence. The presence of air 
bubbles also increases the velocity of the water in the basin in 
its journey to the surface, creating more resistance to the jet flow. 
This resistance increases with an increase in jet velocity.
Some vibration was noted in the model due to the free water 
jet impacting on the surface of the water in the basin. This 




A. As a result of the findings in this study the following 
recommendations are made for further investigation of this subject:
1. That the jet ntozxle be held at a constant height above the 
stilling basin water surface and the depth of the stilling basin
be varied to determine the most economical size basin for that 
particular jet placement.
2. That the depth of the stilling basin be kept constant and 
the height of the jet nozzle be varied to determine the optimum 
height of the nozzle above the surface of the water for a cylindrical 
type stilling basin.
3. That air be injected into the system from the following 
points once an optimum height of the nozzle has been established 
as mentioned in recommendation two.
a. Just before the water emerges from the nozzle.
b. Just after the water emerges from the nozzle.
c. From the bottom surface of the stilling basin.
4. That combinations of the above three recommendations be 
tried to arrive at the most efficient and economical energy dissi­
pator of this shape.
5. That a similar model jet be impacted on a compacted but 
erodable material in an assumed size stream bed, allowing the jet 
to erode its own stilling pool in an effort to determine a best 
or natural shape of the stilling pool.
6. That model studies be carried out on the effect of dumping 
large rocks down the side of the stilling pool mentioned in 
recommendation 5 to determine their effect on the dissipation 
of energy and the halting of further erosion.
7. That the extent of the vibrations be determined to see if 
any harmful results can occur.
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PROTOTYPE
J E T  SUBMERGED
A -  SIDE 6 A »E  *  /9
O -  BOTTOn BASE M S '  
A -  SIDE 6AGE #  /
J E T  NOT SUBMERGED
F i g u r e  i i
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MODEL
JET SUBMERGED JET NOT SUBMERGED
G
A
PRESSURE (PS.I.) PRESSURE I[PS.I.)
G
r - AVERAGE OF RUNS AVERAGE OF RUNSE
- »  1 1-2 3-4 5 -6 7-8 1-2 3 -4 5-6 7-8
1 .684 682 .682 .678 .678 .674 .674 .680
2 .684 .682 .682 .67 8 .666 .669 .676 .6 70
3 .682 .682 .682 I I .663 .665 -674 .6 64
4 ;68D .680 ,682 I I .64 3 .656 • 672 .649
5 .680 .68 0 .682 I I .643 .6 56 .672 .649
6 .67 8 .67 8 .680 If .643 .654 .672 •64 1
7 .67 8 -67 8 .678 I I ir II i| tl
8 .67 5 .678 ,678 It II i| II M
9 .67 5 678 .678 I I M II II U
10 ,67 5 676 .678 If II II
11 .67 5 .67 6 .678 I I  1 II II ti II
12 .67 6 .67 6 ,678 i| II II II i|
13 .67 8 .680 .682 .680 II II II it
14 .6 8 5 684 .682 .682 I I II 1 1 "
! 5 .69 2 .687 684 II il n II
! 6 .701 .689 .684 I I II II
17 .705 .695 .684 11 II II It II
'8 .7 14 .700 .68 7 II II 11 II II
1 9 .7 62 .725 j .705 .6 85 II II It II
1 .7 70 .728 1 .704 .688 .649 ^6 59 .67 8 .640
2 .7 69 .720 .700 I I I I ‘1 II .640
3 7 50 .720 .69 7 I I I I II I I .632
4 .7 55 .72 8 .704 I I I I It II .6 32






A PRESSURE (PSI.) PRESSURE (PSI.)
6
r- AVE fitAGE OF RUNS a v e r a g e  of ru n sE
* 1 - 2 3-4 5-6 7-8 1 - 2 3 -4 5 -6 7-8
1 49.2 49.1 49.1 48,8 48.8 ■48.5 '48.8 48.9
2 49.2 49.1 49.1 48.8 48.0 48.1 48.6 48.2
3 49.0 49.1 49.1 1 1 47.6 47.8 48.5 47.7
4 48.9 48.9 49.1 i i 46.8 47.6 48.4 46.6
5 '4 8.9 48.9 4 9.1 It 46.2 47.1 48.4 46.2
6 48.7 48.7 48.9 il 46.2 47.0 48.4 46.2
7 4 8.7 48.7 48.8 11 II It 1 I f
8 4 8.5 48.7 48.8 »l I I II If I i
a . .48,5 48.7 48.8 II I I i| It II
10 48.5 48.5 4 8.8 II I I 1 II i t
II 48.5 48.5 4 8.8 II i i i i i t »
12 4 8.6 48.5 4 8.8 Ii n II II 11
13 4 8.8 49.0 49.0 48.9 I i II II i i
14 49.4 4 9.0 4 9.0 49.0 I I ti II I I ;
15 49.7 4 9.2 4 9.2 II 11 tl I I l i
16 50.5 4 9.4 4 9.2 II ) » II I I *1
1 7 50.7 50.0 49.2 it I I II 11 I f
18 51.4 50.4 49.5 II I I I t I f I t
19 54.8 52.2 50.7 49.4 I I II II i l
1 55.4 52.4 50.6 49.5 46.6 4 7.4 48.8 46.0
2 55.4 51.8 50.4 II i l II i l 46.0
3 54.0 51.8 50.2 II I I II n 45.5
4 54.3 52.4 50.6 II It I t It 4 5.5
5 55.8 5 2 6 50.6 II II t l t ^
Ta b l e  301
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